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ABSTRACT 

We present observations of the unusual optical transient SN 2010U, including spectra taken 1.03 days to 15.3 
days after maximum light that identify it as a fast and luminous Fe II type nova. Our multi-band light curve 
traces the fast decline fe = 3.5 ± 0.3 days) from maximum light (M v = -10.2 ± 0. 1 mag), placing SN 2010U 
in the top 0.5% of the most luminous novae ever observed. We find typical ejecta velocities of w 1 100 km s" 1 
and that SN 2010U shares many spectral and photometric characteristics with two other fast and luminous Fe II 
type novae, including Nova LMC 1991 and M31N-2007-1 Id. For the extreme luminosity of this nova, the 
maximum magnitude vs. rate of decline relationship indicates a massive white dwarf progenitor with a low 
pre-outburst accretion rate. However, this prediction is in conflict with emerging theories of nova populations, 
which predict that luminous novae from massive white dwarfs should preferentially exhibit an alternate spectral 
type (He/N) near maximum light. 

Subject headings: novae, cataclysmic variables — supernovae: individual: SN 2010U — X-rays: stars 



1. INTRODUCTION 

Unprecedented areal and temporal coverage of the sky from 
dedicated surveys and amateur observers has greatly ampli- 
fied the discovery rate of unusual optical transients. Surveys 
such as Pan-STARRS, the Palomar Transient Factory, and the 
Catalina Real-Time Transient Survey have demonstrated the 
wealth of data that will be common in the era of the Large 
Synoptic Survey Telescope (LSST). In particular, a previously 
sparse regime of transi ent phase-space betw een classical no- 
vae (Mv iPea k ~ -8 mag; B ode & Ev ans 2008) and supernovae 
(My, p ea k ~ -18 mag; Filippenko 1997) is now being popu- 
lated with an increasing number of transients. These objects 
are quite diverse in their properties and may shed light on a 
wide range of explosion and eruption physics. 

In recent years objects like SN2008 S and NGC300OT 
dPrietoet alj|200 8: Botti cella et alJl2009HBerger et al.1 120091: 
Thompson et al. 2009; Szczveiel e t alj|2012l) and other lumi- 
nous blue variables (LBVs) ( Humphreys & Dav idson! 1 1994t 
iPastorello etalJl2010t ISmith et al.ll201 ll) have been subjected 
to intense scrutiny. These intermediate luminosity optical 
transients (ILOTs; also referred to as SN impostors and lumi- 
nous red novae) might be the eruption of a dust-enshrouded 
massive star and promise to lend great insight into the late 
stages of massive stellar evolution or other poorly understood 
stellar physics. Because the phase space these eruptions in- 
habit is crowded with fundamentally different transient sys- 
tems, it is important for future transient discovery scrutinize 
this region with intensive spectroscopic and photometric fol- 
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lowup to distinguish these explosions from other more tra- 
ditional explosions, such as classical novae or supernovae, 
which to fall in this region of phase space would qualify them 
as remarkable in their own right. 

Classical novae (CNe) are binary systems where there is 
mass transfer from a (possibly evolved) secondary through the 
Ll Lagrange point to a degenerate white dwarf (WD). When 
enough material has accreted to obtain critical temperature 
and density, nuclear burning begins. The p—p chain gives 
way to CNO reactions, which drive convection. The amount 
of energy deposited by the /3 + unstable nuclei then drives a ra- 
diative wind. Because degenerate matter on the surface of the 
WD has a equation of state independent of temperature, these 
reactions proceed in a runaway fashion until the Fermi tem- 
perature is reached and the surface layers of the white dwarf 
begin to function as an ideal gas sensitive to temperature and 
finally expand. This expansion speed can easily reach escape 
velocity and t he radiation pressure ejects a shell of material 
dWarnerll2003h . 

The inferred classical nova rate in the Milky Way is ~ 
35 yr -1 (iDarnlev et al.H200"6h . however interstellar extinction 
and selection effects limit the number of observed novae. 
The mean absolute magnitude of novae is My ks -7.5 mag, 
and of nearly a thousand novae on record, less than 10 
reach ed peak absolute m agnitude brighter than My = -10.0 
mag (Shafteretal. 2009). 

Here we present the detailed photometric and spectroscopic 
observations of SN 2010U. We show that SN 2010U is clearly 
super-Eddington at maximum light and identify it as a close 
spectroscopic analog to other super-Eddington novae. We 
compare SN 2010U to the general nova population and recog- 
nize it as one of the most luminous and fast declining novae 
discovered to date. These characteristics of SN2010U make 
it a valuable object to study in the context of outburst models 
and progenitor studies of luminous novae. 

2. DISCOVERY AND REDUCTION 

iNakano & Kadotal d2010h discovered SN2010U in 
NGC4214 on 2010 February 5.63 UT (UT dates are used 
throughout this paper) and was subsequently observed 
by several amateur astronomers that night. SN2010U is 
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Figure 1. The field of SN2010U in NGC4214, observed on 2010 February 
21.54 with GMOS on Gemini North. The composite 3-color image combines 
observations with gri filters. The inset on the right shows SN2010U about 
two weeks after maximum light. 



located at RA=12 h 15 m 41.06 s , Dec=+36°20'02.9" (J2000), 
about 20" east and 27" north of the center of NGC4214 
dNakano & Kadotal l2010h (Figure [TV We use the distance 
modu lus of m-M = 27.41 ±0.03 mag dDalcanton et al.l 
|2009j) for NGC4214 and correct all magnitudes for Galactic 
reddening of E(B - V ) = 0.02 mag using the dust maps of 
Schle gel et al.l d 19981) . Observations by Itagaki provide a 
pre-exp losion limit of 18.8 mag (unfiltered) on 2010 January 
24.74. iHumphrevs et al.l d2010l) determined that SN2010U 
was initially mis-classified as a supernova, and is in fact 
a luminous and fast classical nova. They conclude that 
SN 2010U reached a peak absolute magnitude of Mr = -10.5 
mag and faded two magnitudes on a timescale of ?2 « 15 d. 
They use a distance modulus of m-M = 27.53, while out- 
distance modulus determination is more recent. Adopting 
our dista nce modulus, the peak ab solute magnitude using the 
results of Humphrey s et al.l J20 10) is Mr = -10.4 mag. 

2.1. Photometry 

We initiated a multi-band photometric follow-up campaign 
of SN2010U starting on 2010 February 6 .98 using the 2-m 
Liverpool Telescope (LT; Stee le et alj2004l) with RatCam; the 
8-m Gemini North Telesc ope (GN) with G emini Multi-Object 
Spectrograph (GMOS; iHook et al.l 120041); and the 2 ,.56-m 
Nordic Optical Telescope (NOT; iDjupv ik & Anderser feOlOl) 
with the Andalucia Faint Object Spectrograph and Camera 
(ALFOSC). We also collected photometry from amateur as- 
tronomers K. Itagaki, T. Yusa, J. Brimacombe, and J. Nico- 
las, who kindly provided us their unfiltered discovery images 
from 2010 February 5.65 to 13.03, which captured the rise 
and peak of SN 201 0U. 

We bias-subtracted and flat-fielded all images using stan- 
dard techniques in IRAF, and determined instrumental mag- 
nitudes using PSF-fitting of the source. We obtained nightly 
zero-points by observing a number of standard fields from the 
Landolt ( 1992) catalog. We improved the calibration of indi- 
vidual magnitudes of the transient through comparison with 
the average magnitudes of a local stellar sequence in the field 
of SN 2010U established during selected photometric nights. 

Observations from the LT used Landolt B- and V-band and 
Sloan r 1 - and /'-band, but were calibrated to Landolt standards 
in the Vega system. To place all fluxes on the same system, 
we transformed these measurements to the AB system using 
offsets derived from pysynphotQ of -0.115, 0.000, +0.142 
and +0.356 mag, respectively. Unfiltered observations with 

7 |http : //stsdas . stsci . edu/pysynphot/| 



the NOT, as well as amateur observations, were unfiltered but 
initially calibrated to Vega /?-band, so we transformed these 
measurements to AB using an offset of +0.183 mag. Since 
GN observations were initially calibrated to the AB system 
no transformation was necessary, and all magnitudes quoted 
in this paper are AB unless otherwise noted. The quantum 
efficiency curves of the instrumental configurations used by 
the amateur astronomers peak around 6000 - 6200 A, so the 
unfiltered magnitudes were scaled to match the r'-band pho- 
tometry. In the case of the observation by J. Brimacombe, 
however, the transmission curve of his luminance filtei0 peaks 
at 5500 A and sharply declines outside the range 4200-6800 
A, making calibration to V-band most appropriate. We sum- 
marize the optical photometric measurements in Table [JJ and 
present the light curve in Figure [2] 

We also observe d SN2010U with the Swift satellite 
dGehrelsetal J 12001 on 2010 M arch 3.82 with the X-Ray 
Telescope (XRT; iBurrows et al l [200 5:) and the UV/Optical 
Telescope (UVOT; [Roming et al.l 12005). We did not detect 
any X-ray or UV/optical emission coincident with the lo- 
cation of the source. A previous Swift/XRT observation of 
NGC4214 on 2007 March 26.50, which included the field of 
SN 2010U, showed no activity coincident with the source lo- 
cation. We analyzed all Swift data with the Heasoft-6.11 
software package and corresponding calibration files, apply- 
ing standard screening and filtering criteria. We reduced XRT 
data with the xrtpipeline and determined 3er upper limits 
with the sosta task in the ximage suite using a 5" radius 
aperture; see Table|2] We proce ssed UVOT with t he standard 
UVOT data reduction pipeline dPoole et alj |2008) and deter- 
mined 3cr upper limits with a 5" radius aperture; see Table[3] 

2.2. Spectroscopy 

We obtained three low resolution optical spectra of 
SN 20 10U using the Marcario Low-Resolution Spectrograph 
(LRS.lHill etalj 19981) on the Hobby-Eberly Telescope (HET; 
iRamsev etalj] T998). ALFOSC on NOT, and GMOS on GN. 
We reduced the N OT spectrum using the QUBA pipeline 
dValentietal .1120 111) , implemented in IRAF, and the HET and 
GMOS spectra using standard tasks in IRAF. We observed 
all targets at low airmass (< 1 .2) with the slit was aligned to 
the parallactic angle, and flux-calibrated each spectrum using 
a spectrophotometric standard star observed at a similar air- 
mass. All spectra were wavelength-calibrated by comparison 
with Helium-Neon- Argon arc lamps. We summarize spectro- 
scopic measurements and instrumental configurations in Ta- 
ble [4] We analyzed the resulting 1-d spectroscopic data in 
IRAF using oned spec tasks and the Scipy Python packages 
dJones et alJl20TjTI) . 

3. RESULTS 

Complete photometric and sp ectroscopic coverage o f 
SN2010U confirms the findings of IHumphrevs et al.l d2010l) : 
SN 2010U is a luminous classical nova, exhibiting a rapid op- 
tical decline and evolution from an optically thick spectrum 
dominated by hydrogen and iron emission lines to an optically 
thin nova spectrum entering the nebular stage. SN2010U is 
not a supernova nor the eruption of a massive star because 
of its modest ejecta velocities (« 1100 kms" 1 ) and rapid 
optical decline and spectral evolution. Supernovae typically 

8 Transmission function at http : / /www . sbig . com/sbwhtmls/ 
announcement_baader_narrowband_f 2 . htm 
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exhibit much hi gher expansion velocities (> 10 4 km s 1 ) 
( Filipp enkol 1 1 9971) and while LBV eruptions exhibit a range 
of ex pansion velocities (~ 200 - 2000 km s" 1 ; ISmith et all 
1201 ll) and strong hydrogen Balmer emission, the presence of 
CNO element lines and rapid optical and spectral evolution of 
SN2010U strongly indicate that it was a classical nova and 
not an LBV. 

3.1. Optical Photometric Evolution 

SN2010U evolved rapidly after its discovery on 2010 
February 5.63. Our light curve is well sampled near maxi- 
mum light in r'-band, and the transient is seen to rise » 0.25 
magnitude from discovery to maximum. Although the rise 
of SN2010U is not captured in V-band, the first measure- 
ment at 17.28 mag is contemporaneous with the measurement 
of maximum light in r'-band. For the purpose of compari- 
son with previous events, we adopt the date of V-band max- 
imum, 2010 February 6.27, as the date of maximum light. 
After maximum, SN2010U rapidly declined with a linear 
slope in magnitude space, at first steeply and then becom- 
ing more gradual after 2010 February 10 (Figure |2j. We 
foll owed the light curve of the transient until 2010 February 
24. IHumphrevs et all (120 1 Qt) followed the transient until 2010 
March 18.40, reporting a continued steady decline. 

The photometric evolution of classical novae is typically 
parameterized by the time to decline by two magnitudes from 
maximum light, t2- Several studies have shown that B- or V- 
band are most appropriate to measure ?2 b ecause Ha emission 
complicates measur ements in r' band (IShafter et al.l 1201 It 
iBode & Ev ans 2008). We measure to by adopting the V-band 
maximum (2010 February 6.27), and then linearly interpolat- 
ing between two V-band measurements at 2010 February 8.98 
and 2010 February 10.07 in magnitude space, which gives a 
result that is accurate to ±0.13 days. The uncertainty in the 
date of maximum light derives from the assumption that max- 
imum light in V-band corresponds with maximum light in r' 
band, and therefore we have captured the peak of the light 
curve to ±0.3 d. We find that SN2010U underwent a fast 
decline, with a V-band maximum of My = -10.2 ±0.1 mag 
and ?2 = 3.5 ± 0.3 days. Our determination of absolute mag- 
nitude and ?2 are in contrast to the results of Humphrey s et al.l 
(2010), who derive Mr max « -10.5 mag and t% ~ 15 d. This is 
primarily due to the smaller distance modulus adopted here, 
and our better sampling of the light curve in the range f max to 
?max + 15 d. In addition, a fast decline is evident in B-, V-, and 
/'-band as well. The rise time of SN2010U from quiescence 
to maximum light remains unconstrained due to the compara- 
tively shallow upper limit (m r i w 18.8 mag) on January 24.74 
UT and a large gap before discovery. 

We compare the colors of SN2010U to those of other fast 
and luminous novae and the general nova population to deter- 
mine if there is intrinsic host galaxy extinction. In Figure [5J 
the colors of SN 2010U are plotted against another fast and lu- 
minous nova, Nova LMC 1991 (he reafter L91), and the aver- 
age co lors of the nova population. Ivan den Bergh & Yo unger 
(119871) find that of 7 novae at maximum light, (B- V)™ x = 
0.23 ±0.06 mag, with a dispersion <jb-v % 0.16 mag. They 
also find that at t%, 13 novae are found to have an intrin- 
sic color (B — V)av g = -0.02 ±0.04 mag, with a dispersion 
<T B -v < 0.12 mag. 

It is interesting to compare SN2010U to L91 and speculate 
that any color difference might be due to intrinsic host galaxy 
extinction. For SN2010U near maximum light (B — V) = 



0.43 ±0.06 mag and nearf 2 (B-V) = 0.13 ±0.11 mag. If we 
were to assume that SN 2010U has the same intrinsic colors as 
L91, then SN2010U might suffer as much as E(B-V) « 0.2 
mag of additional intrinsic extinction, which would raise its 
peak brightness to My ~ -10.9 mag, making it the most lu- 
minous classical nova on record. However, SN2010U could 
al so simply be intrinsically redder than L9 1 . 

IHumphrevs et al.l d20 1 0) assume the V-R ~ 1.1 mag color 
of V1500 Cyg, another luminous nova, to infer My k -9.4 
mag for SN2010U. However, we measure V — r' = 0.1 mag 
(Vega), suggesting that SN2010U was not as red as VI 500 
Cyg. We conservatively assume no intrinsic host galaxy ex- 
tinction for all further analysis. 

3.2. X-ray 

The Swift XRT and UVOT observed the location of 
SN 2010U 25.6 days after maximum optical light and did not 
detect the source (Tables [2] & 01, placing a 3a upper limit 
of 9.1 x 10" 3 cts" 1 for the X-rays in the 0.3 -10.0 keV en- 
ergy band. Using the relationship derived in iGiiver & Ozell 
(2009) to convert optical extinction Ay into hydrogen col- 
umn density N H , we obtain N H (cm~ 2 ) = (2.21 ± 0.09) x 
10 21 A V (mag) = 1.60 x 10 20 cm" 2 . Using the Chandra X- 
ray Center's Portable, Interactive Multi-Mission Simulator 
(PIMMS fl and assuming a spectrum for the nova X-ray emis- 
sion, we convert count rates into flux limits by assuming a 
s pectrum for the nova. 

ISchwarz et al.l (1201 ll) present a compilation of 52 Galactic 
and Magellanic Cloud CNe and recurrent novae (RNe) ob- 
served with the Swift XRT. X-ray studies of CNe have iden- 
tified two different emission components, a hard X-ray com- 
ponent and a soft X-ray component. The fastest optically de- 
clining novae (as measured by tj) usually have an early hard 
X-ray phase, while the slower novae do not. The hard X-ray 
emission may originate from shocks between the fast moving 
ejecta and pre-existing circumstellar material, and typically 
is hard thermal bremsstrahlung (I~ 6 x 10 7 - 1 x 10 8 ) K, 
low luminosity (~ 10 34 erg s -1 dBalman et al.l 19981). and of 



shorte r duration than the soft X-ray phase (Schwarz et al. 
2011). The soft phase begins when the nova shell becomes 
optically thin and the photosphere of the nova recedes to 
the surface of the hot WD, with blackbody emission at T = 
2-8 x 10 5 K (ISchwarz et all 120111) . This emission lasts as 
long as nuclear reactions con tinue on the surface of the white 
dwarf. ISchwarz etail. (120111) find that the Super Soft X-ray 
phase begins and ends sooner for fast novae (as measured by 
tq) than for slow novae and that novae with slower expansion 
velocities will enter the Super Soft state later but emit X-rays 
for longer. The correlation between Super Soft X-ray turn 
off time and h has s ignificant scatter ( Hachi su & Katoll20 1 Qt 
ISchwarz etal.l20 111) , but if for SN 2010Uf 2 = 3.5 ±0.3 d, then 
the turn-off time would be lower than 60 d and possibly as low 
as 10 d. 

Adopting a temperature of kT = 5 keV for the hard compo- 
nent of SN 2010U would place a 3a upper limit on the X-ray 
luminosity of of Lx = 1 .6 x 10 39 erg s" 1 , while adopting a tem- 
perature of kT = 60 eV for the soft component of SN 2010U 
would place a limit of Lx = 2.6 x 10 38 erg s . While nei- 
ther of these limits are strong constraints, the upper limit on 
the Super Soft emission a pproaches the X-ray l uminosities 
of some novae on record. Schwa rz"et al.l d201 ll) found that 

9 |http: //cxc.harvard.edu/toolkit/pimms ■ jsp| 
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Figure 2. Light curves of SN2010U corrected for Galactic extinction (Schlegel et al. 1998) and plotted in AB magnitudes. B-, V-, and /'-band data points 
are offset for clarity, and unfiltered amateur observations are calibrated to S-band. We adopt the date of V-band maximum, 2010 February 6.27, as the date of 
maximum light for SN2010U at apparent magnitude of 17.28 mag. The g'-band measurement is distinct from nearby B- and V-band measurement s because the 
differences in the passbands yield significant deviations due to the presence of emission lines (Figure|6j. Photometry from Humphreys et al. 12010) is converted 
to the AB system, corrected for extinction, and included in this light curve. We find a ~ 0.3 mag difference in r'-band, which is the source of disagreement in 
our determination of t^. However, we note that the very rapid decline is also apparent in B-, V-, and /'-band. 



for NovaV407Cyg the blackbody luminosity of the Super 
Soft emission was Lx = 9.3 x 10 37 erg s" 1 at 27 d after op- 
tical maximum, and that nuclear burning on the surface of 
the WD occurred from eruption until about 30 d after opti- 
cal maximum, meaning that SN2010U could not have been 
much brighter in X-rays than NovaV407Cyg. The deeper 
pre-explosion observation on 2007 March 26.50 of the field of 
SN 2010U placed a 3cr upper limit of 6.7 x 10" 3 cts" 1 , provid- 
ing a weak upper limit on the luminosity of the nova system 
in quiescence. Adopting a temperature of kT = 60 eV for a 
soft quiescent spectrum of SN2010U would place a limit of 
L x =2.1 x lO^ergs" 1 . 

3.3. Bolometric Flux Evolution 

During the early evolution of the light curve near maximum 
light (t < 4 d), the ejected shell of SN2010U is still optically 
thick and we can fit the spectral energy distribution (Figure|4|i 
with a spherical blackbody function. We use the photometry 
from 2010 February 6.98, 8.98, and 10.07. Effective wave- 
lengths for these filters were determined using pysynphot 
and the HET and NOT spectra, yielding A B , eff = 4387 A, 
A v . eff = 5468 A, A^eir = 6202 A, and A,v, eff = 7463 A. 

We use x 2 minimization to find the best-fit parameters of 
radius and temperature, shown in Figure |4] For the spec- 
tral energy distribution (SED) nearest maximum light (2010 
February 6.98), we obtain a photospheric temperature of T = 
8090 ± 470 K and a radius of R = 1.99 ± 0.19 AU. Within 



the errors, the temperature of the photosphere remains con- 
stant for the following two epochs, while its radius recedes 
to w 1.0 AU, indicating that the envelope becomes optically 
thin. This temperature fits well with t he typical T e ff < 10 4 K 
derived for novae at visual maximum (Williams 1992). 

If we combin e the expansion velocity measured from spec- 
tral lines (see § 13. 41 > with the radius of the photosphere and 
assume ballistic expansion, we can estimate the time since 
explosion. We determine that time from explosion to 2010 
February 6.98 was t = 3.06 ± 0.40 d. This suggests a rapid 
rise to maximum, but is otherwise consistent with the obser- 
vations since it is uncertain how accurately the spectral line 
widths probe the bulk ejecta velocity, because the lines may 
be formed in a wind. 

Using the best fit parameters, we estimate the blackbody 
luminosity of the photosphere. These luminosities are plot- 
ted in Figure [5] along with the Eddington Luminosity for a 
1.4 M e white dwarf, L Edd = 1.75 x 10 38 ergs" 1 , calculated 
using a 100% ionized atmosphere and Thompson scattering 
opacity. On 2010 February 6.98, we find that L = (2.71 ± 
0.22) x 10 39 erg s" 1 , and the luminosity declines by a factor 
of 4 over the next three days. SN2010U is clearly super- 
Eddington for at least the 4 day s near maximum light , in 
agreement with determination by Humphre ys et al.l (|2010). 

The super- Eddington luminosity of SN2010U is similar 
to that of L91, where model- atmosphere fitting to UV and 
optical data by iSchwarz et al.l (120011) determined that it re- 
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Figure 3. Colors of SN 2010U, L 9 1 , M3 IN. and the general nova population 
I van den Bergh & Younger 1987) in units of h after correction for Galactic 
reddening. A comparison of SN2010U to L91, another luminous and fast 
nova, assuming that any color difference is due to intrinsic host galaxy extinc- 
tion, indicates that SN2010U might suffer as much as E(B — V) fa 0.2 mag 
of additional intrinsic extinction, raising the peak luminosity to My ~ —10.9 
mag. For the purpose of comparison, all colors are given in Vega magnitudes. 



Feb 6.98, T = 8089 ± 466 K, R = 
Feb 8.98, T = 8782 ± 1432 K, R : 
Feb 10.07, T = 7911 ± 774 K, R : 



1.99 ±0.19 AU 
= 1.11 ± 0.26 AU 
= 1.02 ±0.16 AU 
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Figure 4. Best-fit radius and temperature parameters for each epoch. Within 
the errors, the temperature of the photosphere remains constant over the three 
epochs while the radius of the photosphere recedes to fn 1.0 AU as the enve- 
lope becomes optically thin. 
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Figure 5. Bolometric luminosity of SN2010U determined from fits of a 
spherical blackbody to photometry (See Figure |4}- Shortly after maximum 
light (+0.71 d), we find that SN2010U is clearly super-Eddington with lumi- 
nosity L = (2.71 ± 0.22) X 10 3 ' erg s . Over the next three days the lumi- 
nosity declines by a factor of 4. 



mained super-Eddington from -5 < t < 8 d around maximum 
light. They find a peak bolometric flux of L = (2.6 ± 0.3) x 
10 39 erg s" 1 with R = 0.7 AU an d T = 1.3 x 10 4 K at maxi- 
mum light. ISchwarz et alJ (1200 ll) determine from their model 
that the radiative forces are ten times the gravity forces for 
the entire atmosphere, thus the "atmosphere" should appear 
as a radiatively driven wind. IShavivl (12001b suggests that 
a clumpy but porous photosphere would enable steady-state 
super-Eddington luminosities to persist for an extended pe- 
riod 

ISchwarz et alJ d2001h determine from their model that the 
radiative forces are ten times the gravity forces for the en- 
tire atmosphere, thus the " atmosphere" s hould appear as 
a radiatively driven wind. IShavivl (120011) suggests that a 
clumpy but porous photosphere would enable steady-state 
super-Eddington luminosities to persist for an extended pe- 
riod. 

3.4. Spectroscopic Evolution 

iHumphrevs et al.l d2010l) published a spectrum of 
SN2010U 14 days after maximum light, noting the 
presence of Ha, H/3, and O IAA7774. They emphasize that 
this spectrum does not resemble that of a supernova nor any 
intermediate luminosity optical transients such as SN2008S 
norNGC300OT. 

Our three epochs of spectroscopy trace the classical nova 
spectral evolution of SN2010U from 1.03 d after maximum 
light (2010 February 7.30) to 15.30 d after maximum light 
(2010 February 21.51) (Figure|6]l. The earliest spectrum ex- 
hibits strong emission lines of (in decreasing strength) the hy- 
drogen Balmer series, Fe II, Na I, O I, N I, and C I. Spectra 
were de-redshifted to match the [S II] A67 16.44, A6730.82 
emission lines from the host galaxy (z = 0.00087). The radial 
velocity of SN2010U is -260 km s~\ while the NED red- 
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shift of NGC 4214 is -290 km s" 1 . This Av w -30 km s" 1 is 
consistent with the internal motions of the galaxy. 

Strong P Cygni profiles are clearly seen in the Na I D A5892 
and O I A7774 lines (Figure[7]l. The presence of these profiles 
in the 2010 February 7.30 spectrum (Figure [6]i are charac - 
teristic of spectra of novae at maximum light (W arnerir2003l) . 
therefore with this additional information to the initial rise in 
r' band, it is likely that the light curve (Figure |2]i captures the 
maximum light of SN2010U. We take an average of the ve- 
locities of the P Cygni lines of Na I D and O I (Figure |7]i and 
the widths of the Balmer series and O I (Figures [8] & 01 to 
derive an expansion velocity of w 1 100 km s" 1 (Figure [TOl. 

When the envelope is initially optically thick the radiation 
is ionization bounded and neutral and low-ionization emission 
lines are formed. As the nova evolves, the ionizing radiation 
becomes progressively harder as the photosphere recedes to 
the surfa ce of the hot whi te dwarf and higher ionization states 
are seen. Williams ( 1 990) determines that for electron number 
densities N e > 10 9 cm" 3 the nova envelope is optically thick, 
while forbidden lines will appear once N e < 10 7 cm" 3 . 

By 5.94 d after peak (2010 February 12.21), the P Cygni 
profiles become pure emission while the Balmer and Fe II 
emission lines are still clearly visible. The wider wavelength 
range of the NOT spectrum reveals Ca II H & K emission lines 
and additional Balmer series lines continuing until the Balmer 
break. The most significant change is the increase in strength 
of the O I A7773 and A8446 lines and the appearance of the 
forbidden lines of [O I] A5577, 6300 and 6363. 

By 15.30 d after peak the Fe II emission lines have mostly 
faded and the Balmer series dominates in emission (Fig- 
ure rm >. Throughout all spectral epochs, the Balmer lines 
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are the strongest emission lines (Figure [8j, evolving from a 
FWHM of 2200 km s" 1 at 1.03 d after maximum light to 
1600 kms" 1 at 15.30 d after maximum light. Initially, the 
B aimer profiles show an asymmetric structure, but then evolve 
to become narrower and more symmetric. The O I A8446 A 
line developed a flat-topped profile (Figure [9]) characteristic 
of an optically thin expanding spherical shell at a velocity of 
815 km s" 1 . There are also faint forbidden lines of [O I], sig- 
naling the entrance into the nebular phase of classical nova 
spectral evolution. The late time spectrum is characteristic of 
a nova shell, showing strong Balmer lines, O I, and signs of 
[O I] A6300 A which signals the transition from the permitted 
st ate to the forbidde n state. 

Smit h et all d201 ll) argues that, based only upon an early 
spectrum from Keck/LRIS on 2010 February 7th UT (2 d after 
maximum light), the spe ctra and light curve are very similar 
to a L BV, (SN)2000ch (IWagner et all 12001 IPastorello et alJ 
2010). However, upon examination of extant nova spectra, 
a surprisingly close match to SN2010U is found with L91 
(Figure \13[. The prominent Fe II and O I emission visible in 
the late time spectrum additionally suggests that SN2010U 
is not an LBV because m ost known LBVs do not show this 
b ehavior (ISmith et alJl201 ll) . 

Williams (119921) devises an optical spectroscopic classifi- 
cation system that types novae by their strongest non-Balmer 
emission lines, typically Fe II or a combination of He and 
N, called He/N. They find that He/N novae preferentially 



have shorter ?2, higher expansion velocities, and coronal lines, 
while Fe II novae evolve to a forbidden line spectrum with 
lower ionization species. The He/N spectrum is formed in 
a discrete shell ejected during the explosive thermonuclear 
runaway while the Fe II spectrum is formed in a continuous 
wind driven by the radiation from the residual bur ning of ma- 
terial on the surface of the white dwarf. Williams (11992b 
explains that manifestation of the spectrum is dependent on 
which mechanism dominates in a two-component model. The 
spectral evolution of SN 2010U and its evolution clearly iden- 
tifies it as a member of the Fe II spectral class. 

We observe velocity evolution in the emission line profiles 
of SN 2010U (FigureCp), with the Balmer and O I A7774 and 
A8446 profiles exhibiting a jagged shape at early times, and 
then becoming smoother and narrower. For Fe II novae, this is 
the result of a photosphere formed in a wind with velocity ho- 
mologously increasing outward and mass loss rate decreasing 
with time. The decreasing density pushes the region of line 
formation steadily inward towards the surface of the white 
d warf where flow veloc ities are lower. 

iSchwarz et al] (12.0111) find that the presence of [Fe X] 6375 
requires a hot photoionization source, and thus correlates well 
with Super Soft X-ray emission. That this line is not visible in 
the nebular spectra complements the non-detection of X-ray 
emission from SN 2010U. 

4. SN 2010U AS A FAST AND EXTREMELY LUMINOUS CLASSICAL 

NOVA 
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4.1. Comparison to Nova LMC 1991 and M31N-2007-lld 

Although roughly a thousand classical novae have been dis- 
covered, only a few luminous events are known due to their 
rapid decline and intrinsic rarity. Two other lum inous Fe II 
type novae have been studied extensively: L91 dDella Valid 
[19911 ISchwarz et alj|200lt IWilliams et al.ll 19941) and M31N- 
2007-1 Id dShafter et alj|2009h . hereafterM31N. L91 was an 
exceedingly bright and fast Fe II type nova in the Large Mag- 
ellanic Cloud, so luminous that it was initi ally heralded as a 
prototype for a class of super-bright novae dDella Vallel 199 lb . 
M31N was discovered during a spectroscopic survey of novae 
in M3 1 bv lShafter et all (f20liT) . 

The light curves of L9 1 and M3 1 N are similar to SN 20 1 0U 
(a comparison between SN2010U and L91 is shown in Fig- 
ure [12}. L91 was discovered 5 days before maximum light 
and M31N > 4 d before maximum. The rise to maximum of 
L91 is among the longest for novae on record, with a peak of 
M v = -10.0 mag. The light curve of L91 shown h ere is drawn 
from the photometry published in the cir c ulars dShoreetal 



1991; Gilmore 1991; Gilmore et a l.lll99U iLiller et al.111991 
Delia Valle et alJI 19911) . iShafter et all (12009ft set a lower limit 
of 4 d on the rise time for M31N from quiescence to a max- 
imum light of My ~ -9.5 mag. Both novae d eclined rapidly 
from maximum light with ti = 6 ± 1 d (L9 1 : ISchwarz et alj 
12001 and t 2 = 9.5 d (M31N: IShafter et alj|2009h . Bycon> 
parison, SN2010U has ti = 3.5 ±0.3 d and the rise time is 
unconstrained. 

Spectroscopically, L91 and M31N are remarkably simi- 
lar to SN2010U-they are all clearly Fe II type novae. L91 
and M31N have slightly lower expansion velocities with 
Ha FWHM of ~ 1880 km s" 1 and ~ 1550 kms" 1 , respec- 
tively, while SN2010U has ~ 2230 km s" 1 . At early times 
both L91 and M31N show strong P Cygni absorption pro- 
files. L91 clearly mirrors the temporal and spectral evolution 
of SN 2010U (FigureE). 

L91 is one of the best studied novae of the modern era. 
UV spectra from the IUE satellite revealed strong Fe II ab- 
sorp tion which would be r eradiated as emission in the opti- 
cal dSchwarzet alj|200l . ISchwarz et ail {2001) construct a 
model atmosphere of L91 using PHOENIX and CLOUDY to ob- 
tain abundance estimates of the outburst and find that L91 was 
enriched in CNO elements and originated from a carbon oxy- 
gen (CO) white dwarf. 

Although there is no late time spectroscopy of SN2010U, 
the spectrum 15.94 d after maximum light already shows ev- 
idence of forbidden oxygen, with no evidence for any neon. 
This, combined with the presence of carbon and oxygen and 
the similarity of spectra to L91, suggests that SN2010U also 
had a carbon-oxygen WD progenitor. 

However, efforts to identify WD progenitor types are con- 
founded by the possibility that an enriched envelope could ex- 
ist on top of a CO white dwarf, or that an ONeMg nova may 
or may not have a dredge-up event that would enrich the spec- 
trum, producing a wide range of observable spectra. Whether 
or not there is a direct mapping between the manifestation of 
the spectrum and the composition of the underlying WD i s 
still an open question (Prialnik & K ovetzl 1 998fc lMasonl20 1 lh . 
although with detailed UV and X-ray spectral observations 
capturi ng the entirety of the nova outburst, such as in the case 
of L91 (Schwarz et al. 2001), it may be possible to tell. 



4.2. MMRD and FWHM Relationships 
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Figure 11. Late time (15.3 d after maximum) spectrum of SN2010U. The strong presence of O I and the first appearance of [O I] emission suggests that 
SN2010U is entering the nebular stage. Host galaxy lines (such as [S II]) are labeled in grey, while multiplet species are labeled with dotted lines. 
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Figure 12. Comparison of SN2010U (10U) to L91. "v" represents visual 
magnitude, and v-band and V-band measurements are offset by two magni- 
tudes for clarity. Both novae exhibit similar peak absolute brightnesses and 
decline rates. The rise time of L91 (and M31N) is exceptionally long, while 
the rise time of 10U is unconstrained. 

Studies of novae have revealed a correlation between peak 
absolute magnitude My and decline rate t%, termed the maxi- 
mum magnitude versus rate of decline relationship (MMRD). 
The shorte r f?, the more intr i nsically luminous the nova 
explosion (TValle & Livid [1991 Dowries & Duerbeckl I2000T: 
IShafter et al.ll201 lb. 

IShafter et al.l(l201 lb executed an extensive multi-year study 
of novae in M31, discovering and spectroscopically classi- 
fying 46 novae, bringing the total of spectroscopically clas- 



sified novae in M31 to 91. They derive a MMRD for 
M3 1 novae and compare to other historical samples of novae 
(Figure [Hi (IValle & LividfT^ iDownes & DuerbecTj|200"ol: 
Shafter et aT.l l201 lb . There is a substantial amount of scatter 
in this relation. The extreme quadrant of the MMRD at high 
luminosities and shortest ?2 is shown in Figure [15] with the 
most l uminous novae known to date compiled by Shafter et al. 
and updated with recen t discoveries by Kasliwal et al. 



and lShafter et all (1201 lb . Although in Figure [TBI there 
appear to be a comparable number of luminous He/N novae 
and Fe II novae, because He/N novae are rarer they are in fact 
preferentially brighter and fast er than Fe II novae (Williams 

"in 



[~99l lShafterltanl2l)Tll l2l)Ll . For example. IShafter et al 
(201 3) find in their M31 survey that three of their four fastest 
declining novae are He/N type, although by number He/N no- 
vae comprise only ~ 20% of all novae. 

Despite claims that there might be a " s uper-b right" class 
of novae (Dell a~Wie1[l99"ll) . IShafter et alJ (120091) find no ev- 
idence for a distinct population. However, SN2010U is in- 
deed a very lumino us nova: compared to the 883 novae on 
record compiled by Sha fter et al.l (12009b . only 4 novae are 
brighter, two of which are not spectroscop ically confirmed 
(Ciaid ullo et aII[T987t iKasliwal et al.ll2010i) . At the extreme 
end of the luminosity distribution there is large scatter from 
observational uncertainties such as intrinsic extinction and 
uncertainty in the capture of maximum light as well as un- 
certainties from intrinsic variability in the novae explosion 
due to variation in WD mass, accretion rate and metallicity 
(IShafter et al. 1120091) . 

Surveys also find that novae with faster expansion veloc- 
ities have a faster decline from maxim um light (Figure [Tol l 
(lMcLaughlinlll960l: IShafter et al1l2011l) . The scatter in Fig- 
ure [16] is likely due to the time dependence of velocities, 
which depends on how soon after maximum light the spectra 
was obtained. Such a ?2 vs. Ha FWHM relationship is a nat- 
ural outcome if He/N novae are the fastest declining and the 
most violent, having the highest ejecta velocities. SN2010U 
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Figure 13. Spectroscopic comparison to L91. Both novae exhibit strong Fe II lines, hydrogen Balmer profiles with similar widths, P Cygni profiles at early 
times, and similar timescales for spectral evolution. 

dieted that more ma ssive WDs produce more violent 
explosions (see § 14.41 ) tiValle & Liviol 119951) . it has been 
an outstanding question whether the spectral type of a 
nova correlates with the properties of the underlying stellar 
population. In general, the nova p opulation follows the 
galaxy light (Shafte ret al.11201 U 120121) . Surveys of multiple 
galaxies of different morphologies aim to determine whether 
novae properties such as peak brightness, t 2 , and spectral type 
correlate with the unde rlying stellar populat i on. 

In the Milky Way, iDella Valle & Liviol (fl998h find that 
He/N novae are concentrated at the Galactic plane and are 
fast and bright, while Fe II novae are concentrated in the bulge 
and thick disk of the galaxy and are slow and dim. Because 
younger stellar populations have on average more massive 
white dwarfs, disk novae should be more extreme; therefore 
they claim that He/N novae are associated with a younger stel- 
lar population and that the Fe II novae are associated with an 

older stella r population. 

In M31, Sha fter et all (120111) find conflicting results with 
no compelling evidence that spectroscopic class depends on 
location within the galaxy. However, they did find that the 
spatial distribution He/N novae is slightly more extended than 
that of Fe II novae and that the spatial distribution of faster 
(lower ti) novae is slightly more extended than that of slower 
novae. 

In M33, however. lShafter et all (120121) find that five of eight 
novae are of He/N or Fe lib hybrid novae, while only two 
are definitively of the Fe II class. Hybrid novae initially have 
broad Fe II lines which then later are replaced by He/N lines. 
Interestingly, the opposite evolution from He/N to Fe II has 
never been observed. They speculate that this statistically sig- 
nificant difference in the fraction of He/N to Fe II Galactic 
and M3 1 novae could be a result of the underlying population 
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and historical MMRD relationships overplotted. 



is a fast declining nova with a moderate ejection velocity. 



4.3. Nova Populations and Progenitor 

Since the spect roscopic classification scheme of 
IWilliams et alj ( 11991b was devised and the MMRD pre- 
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of M33, which is a bulgeless galaxy, and therefore would be 
expected to be dominated by a disk population. 

To address whether or not the most luminous Fe II novae 
are associated with a particular stellar population, it is use- 
ful to investigate the associated stellar populations of L 91, 
M3 1 N, and SN 20 1 OU. ISubramaniam & Anupamal d2002l) ex- 
amine the region surrounding L9 1 and find that there are three 
clusters within ~ 130 pc with ages less than the young age of 
10 7 5 yr, and that the location of L91 is close to another fast 
nova, LMC 1977#2. Because the LMC is a bulgeless galaxy, 
we would expect it to be dominated by fast declining novae, 
and indeed it po ssesses a fast declining and fa st ejecta popula- 
tion of novae dDella Valle & Duerbecklll993l) . However, that 
the luminous Fe II nova L91 specifically came from a young 
stellar population is in tension with the prediction that Fe II 
novae are associated with older stellar populations. 

Hie location of M31N-2007-1 Id is at large galactocentric 
radius from the center of M3 1 and perhaps a member of the 
disk, although another luminous but less-studied Fe II nova 
M3 lN-2009-09b is close to the center of the galaxy. However, 
the large inclination of M31 makes it difficult to determine 
whether or not M31N-2009-09b is actually in the bulge or 
m ight be within the disk a nd projected in front of the bulge. 

iHumphrevs et al.l Q2010) use pre-explosion archival Hub- 
ble Space Telescope images with WFC3 F814W and WFPC2 
F555W and F814W to investigate the progenitor of SN 2010U 
and the associated stellar population. At the location of the 
nova, there is a photometric limit of My w -3.2 mag, which 
puts an upper limit on the mass of the progenitor system and 



its companion of 3 - 5 M Q . The stars within 1 00 pc of the loca- 
tion of the nova are dim and red, suggesting association with 
an evolved population. The spatial location of any younger 
main sequence stars is distinct from the location of the nova, 
suggesting it is not associated with a massive star population, 
although it could be an evolved and obscured lower mass 
AGB star (IHumphrevs et alj|2010l) . If SN2010U originated 
from an evolved population, this would follow the emerging 
trend that Fe II novae come from lower mass, older popula- 
tions such as the bulge of M3 1 . 

Based upon the theory of the MMRD (see § 14.41) . the high 
intrinsic luminosity and fast temporal evolution of SN 2010U 
signal that the progenitor was a high mass WD. The evolu- 
tionary channels of how the binary system could reach its 
pre-outburst state depend on when the WD was born. The 
WD could be born massive from a massive star, or alterna- 
tively the WD could have formed from a less massive star and 
accreted material. If the WD was born massive, there is a 
higher chance that it would be an ONeMg WD. Some claim 
that "neon novae," which exhibit strong [Ne III] and [Ne V] 
lines during the forbidden phase, and thus have a high neon 
abundance, originate from ONeMg WDs dMasonll201ll) . al- 
though it is unclear whether or not these lines could be pro- 
duced by an enric hed surface layer and be uncorrected with 
WD c ompositio n (Prialni k & Kovetall998h . The nova mod- 
els of lYaron et alJ d2005l) are able to produce the full range of 
observed nova characteristics {My, h, v e j ec ta) using only CO 
WD progenitors, however with ONeMg WD progenitors they 
were able to produce ejecta envelopes that were enriched in 
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Figure 16. Ha widt h compared to decl ine speed (measured by t^) of the 
nova outburst for the Shafter et al. (201 1) sample of novae from M31, with 
L91 and SN2010U also plotted. SN2010U and L91 are at slightly slower 
velocities than the mean, but still consistent with the trend, given the large 
scatter. Interestingly, the three bright Fe II novae are all faster declining than 
the mean. 



neon by ~ 10 4 times compared to CO WDs. 

Surveys have established that most luminous and fast novae 
are He/N no vae, however SN20 10U, L91, and M31N are all 
Fe II novae. I Shafter et alJ (120091) speculate that what may set 
these novae apart is their long rise time compared to the gen- 
eral nova po pulation, which reach es maximum light in less 
than 3 days. Schwa rFet alJ (J2001) hypothesize that the long 
rise time is indicative of a large amount of ejected mass, such 
that the photons take a long time to diffuse and escape. For 
L91, ISchwarz et al] ( 1200 lh found M ej - 3 x IO^Mq with a 
progenitor of a high mass, cool WD with a low metallicity 
envelope. Shaf ter et alJ ((2009) speculate that a long rise time 
may be related to the formation of the Fe II spectrum, which is 
formed in an optically thick wind driven by residual burning 
on the surface of the WD. 

4.4. Nova Physics and Super Eddington Luminosity 

IValle & Liviol (119951) proposed that the MMRD is primar- 
ily a function of the mass of the WD progenitor. If the WD 
is more massive, the surface layers will be more degenerate 
and allow a more intense but also more rapid expulsion of 
material. Recent studies suggest that the outburst properties 
additionally depend sensitively upon other parameters of the 
progenitor system such as the temperature of the isothermal 
core and the accretion rate of mat erial onto the surface of the 
WD. lTownslev & Bildsten] d2005l) calculate the ignition mass 
of the accreted material on the surface of the WD, M; gn , and its 
dependence on the mass transfer rate M to the WD, and the 
WD mass. The tem perature of the WD core, T c , also influ- 
ences M{„ n \ however, Townsley & Bildsten (2004) find that T c 

is set uniquely by M, and therefore M; gn is primarily a function 
of only two parameters. A lower M < 1O~ 1O M yr -1 leads to 
a lower T c , which then increases the M{„ n needed to start the 



nova eruption. Alternatively, a high M > 10 9 M yr 1 will 
trigger the thermonuclear runaway earlier; at extremely high 
M, st able hydrogen burning can occur dTownslev & B ildsten 
12001). 

lYaron et aD J2005)) show that very low accretion rates can 
produce the most extreme nova explosions, which are char- 
acterized by super-Eddington luminosities at maximum, large 
ejecta velocities, fast optical decline, and if the WD is of mod- 
erate mass, large ejecta masses. The extreme luminosities 
and rapid photometric declines of L9 1 , M3 1 N, and SN 20 1 0U 
suggest that these no vae all originated from massive WDs. 
ISchwarz et all (12001 claim that L91 had a > 1.2M Q WD. 
Comparing the outburst characteristics (?2, bolometric lumi- 
nosity, and ejecta velocity) of SN2010U t o the g rid of the- 
oretical predictions made by lYaron et ail d2005l) . we find 
that only the models with massive (M « 1.25M Q ) and cool 
(T = 3 x 10 7 K) white dwarfs accreting at a very low rate 
( M < lO^Mf^yr" 1 ) are able to reproduce these parameters. 

ISchwarz et alJ d2001l) speculate that the large luminosity of 
L91, which would otherwise be inconsistent with the large 
ejecta mass, could be the result of a traveling sh ock wave 
throug h colliding ejecta shells. As described in IWilliamsl 
(1992), there is a discrete low density and high velocity shell 
and an optically thick wind which is powered by nuclear burn- 
ing of residual material on the surface of the white dwarf. 
He/N spectra are dominated by the discrete component, while 
Fe II novae are dominated by the wind component. A more 
massive ejecta shell would be more likely to have residual 
material which to burn on the surface of the WD, and may ex- 
plain why the massive ejecta of L91 and likely massive ejecta 
of SN 201 0U result in Fe II novae. 

The rise times of novae are generally longer than that 
of those predicted by spherically symmetric models, which 
suggests that time might be needed for the local thermonu- 
clear runaway to proceed over the surface of the white dwarf 
dWarneri 120031) . and may result in an asymmetric outburst. 
Williams e t al.1 d!991l) observe transient absorption features 
in high resolution line profiles of Balmer and He I lines in 
other novae that are likely due to discrete absorption compo- 
nents, such as a small cloud of high density passing in front 
of the continuum source, suggesting the outburst is inhomo- 
geneous. Clumpy ejecta would increase the effective Edding- 
ton limit and allow the nova outburst to sustain app arently 
super -Eddington luminosities for a period of time (Shaviv 
120011) . Given that nova ejecta are inhomogeneous and quickly 
evolving with time, it is likely that the super-Eddington novae 
L91 and SN2010U sustained their remarkable luminosities 
through a porous photosphere or asymmetric explosion. 

Although He/N novae are preferentially brighter than Fe II 
novae, there are several very luminous Fe II novae, in partic- 
ular L91, M31N, and SN2010U. Although the MMRD and 
population studies suggest that Fe II novae should predomi- 
nately come from older stellar populations which have on av- 
erage smaller mass WDs, this mapping between white dwarf 
and spectral type must not necessarily be direct. When a bi- 
nary stellar system will evolve to a configuration that can pro- 
duce a nova outburst is not a simple function of the mass or 
age of the dwarf, but is dependent upon the orbital parameters 
and stellar evolution of the binary system itself, for example, 
when the orbit might decay or the donor might evolve to fill 
its Roche lobe and begin mass transfer. Bright Fe II novae like 
L91, M31N, and SN 2010U may represent unique binary sys- 
tems with cool, high mass CO white dwarfs accreting material 
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from their companions at a very low rate. 

5. CONCLUSIONS 

SN2010U was a luminous (peak M v = -10.2 ±0.1 mag) 
and fast declining = 3.5 ±0.3 d) classical nova in the galaxy 
NGC4214. Optical spectroscopy revealed that it was an Fe II 
type nova with strong hydrogen Balmer emission and expan- 
sion velocities of order w 1 100 km s -1 . P Cygni spectral line 
profiles in spectra taken near maximum light indicate that the 
emission was optically thick and early photometry indicates 
that the optical emission was approximately thermal black- 
body with T « 8000 K. As the nova faded, the spectrum 
evolved to a nebular state dominated by emission lines and 
[O I] emission began to appear. 

Our conclusions are the following: 

1 . SN 2010U was a fast and luminous nova, among the top 
0.5% brightest of all historical outbursts and the third 
brightest nova for which spectroscopic information ex- 
ists. It is remarkably similar to both Nova LMC 1991 
(L91) and M31N-2007-1 Id (M31N) in photometry and 
spectra. 

2. SN2010U is a Fe II type nova. Fe II novae are char- 
acteristically dimmer and slower to decline (longer ti) 
than He/N. The existence of bright and fast Fe II novae 
like SN2010U, L91, and M31N are interesting outliers 
in trends which aim to correlate spectral type with out- 
burst properties. 

3. SN2010U reached super- Eddington luminosities dur- 
ing the peak of its outburst. Most novae are sub- 
Eddington, however L91 was also super- Eddington for 
an extended period of time while it ejected a large 
amount of mass. It is likely that the Fe II spectrum, 
which is formed in an optically thick wind, is related to 
high mass loss. 

4. Massive and luminous nova outbursts like SN2010U 
probe a unique set of progenitor parameters, and point 
to an extreme region of parameter space with low accre- 
tion rate, high white dwarf mass, and low white dwarf 
core temperature. The extreme luminosity region of the 
MMRD is poorly constrained and subject to high scat- 
ter. 

5. That SN2010U likely originated from a CO WD asso- 
ciated with an evolved stellar population is interesting 
in the context of the debate of nova populations and 
the manifestation of nova spectral type. Trends in the 
Milky Way, the LMC, and M33 suggest that more lu- 
minous novae of the He/N type originate from young 
stellar populations where average white dwarf mass is 
higher. However, L9 1 , M3 1 N, and SN 20 1 0U all are ex- 
tremely luminous Fe II novae that are likely from mas- 
sive CO white dwarfs. Various paths of binary evolu- 
tion can influence when these systems will enter a con- 
figuration that would generate nova outbursts. 

Upcoming wide-field transient surveys like LSST will dis- 
cover optical transients in ever greater numbers. In particular, 
the high cadence and deep optical limits of the survey will re- 
veal many classical novae, which have traditionally been dif- 
ficult to study because of moderate luminosities and fast de- 
cline from maximum light. Understanding the extreme quad- 
rant of high luminosity and rapid optical decline for classi- 
cal novae is paramount for maximizing the scientific return of 



large photometric surveys, for which spectroscopic resources 
will not be available to confirm every discovery. Accurately 
characterizing the intermediate luminosity phase space now 
will be paramount to understanding the wealth of data from 
future transient surveys. 
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Table 1 

Photometry of SN2010U 



2010 UT 


Filter 


m ± <t,„ (Vega) 


m±cr m (AB, de-ex t) 


fu (p-Jy±- 


t) Observer/Telescope 


Jan 24.74 


R 


> 18.80 


> 18.92 


< 98 


Itagaki unfiltered 


Feb 5.65 


R 


I7.38±0.15 


17.50±0.15 


362 ±86 


Itagaki unfiltered 


Feb 6.27 


V 


17.28±0.09 


17.20±0.09 


477 ±66 


Brimacombe unfiltered 


Feb 6.34 


R 


17.10±0.20 


17.23±0.21 


466±153 


Yusa unfiltered 


Feb 6.57 


R 


17.21±0.27 


17.33±0.27 


a i A 1 -i on 

424±loU 


Itagaki unfiltered 


T7„u £ no 
reb o.yo 


R 


1 /.JZ±U. 10 


1 /.OJ±0.1O 


1 l "7 1 on 

31 /±oi 


Nicolas 


reb o.yo 


B 


i q nn i n n i 

io.uy±u.04 


1 n o o _i_n n./i 
1 /.oo±U.U4 


255±17 


LT 


t7,tU c. no 
reb o.yo 


V 


1 /.04±U.Uj 


1 "7 cixn nc 


341±27 


LT 


Feb o.yo 


! 

1 


i h c a i n n /i 

1 /.54±0.U4 


1 "7 £1 1 n A A 

17.oz±U.U4 


I on 

325±20 


LT 


T7„i_ £. no 

Feb o.yo 


;/ 
I 


1 "7 /lO I n f\A 

1 /.4z±U.U4 


1 "7 T5 I n nyl 

17.73±0.04 


TO/1 1 on 

294±20 


LT 


t?^u o no 

Feb o.yo 


B 


1 o nn I n i o 

ls.90±0.12 


1 o zi n I n 1 1 

io.oy±o.iz 


121 ±23 


LT 


T7 Q U Q no 

reb o.yo 


i/ 
V 


i c CT-Ln no 
lo.oZztU.Uo 


lo. /4±U. Uo 


1 1 j± 1 j 


Lt 


T7^.i, o no 
reb o.yo 


J 
1 


io.4o±U.Uo 


1 o ^fi_!_n no 
lo.jOztU.Uo 


13D±lo 


Lt 


T7.-.U o no 
reb o.yo 


■I 
I 


Io.4Z±U.U/ 


lo. /j±U.U/ 


117il3 


LT 


reb iu.u / 


b 


1 O ^O-LO. OQ 

iy. jy±u.uo 


iy. jo±u.uo 


04±o 


Li 


reb IU.U/ 


V 


iy.4j±u.u/ 


1 n 1£.J—C\ fY7 

iy.3o±U.U/ 


OD± / 


LT 


reb IU.U/ 


,./ 


iy.ui±u.u4 


iy.uy±u.U4 


84±D 


LT 


reb IU.U/ 


,■/ 


18.yo±O.UD 


1 11 ~)"7_l_/\ f\A 

iy.2/±o.uo 


71i7 


LT 


Feb 10.17 


i' 


18.99±0.04 


19.30±0.04 


69±4 


LT 


Feb 10.19 


R 


19.04±0.14 


19.16±0.14 


78±17 


NOT unfiltered 


Feb 11.10 


r' 


19.32±0.07 


19.40±0.07 


63±7 


LT 


Feb 12.20 


R 


19.44±0.10 


19.56±0.10 


54±9 


NOT unfiltered 


Feb 13.03 


R 


19.55±0.40 


19.67±0.40 


49±31 


Nicolas 


Feb 21.54 


g' 




21.15±0.05 


13±1 


GMOS 


Feb 21.54 


r> 




20.18±0.11 


31±5 


GMOS 


Feb 21.54 


i' 




20.35±0.08 


26±3 


GMOS 


Feb 23.98 


B 


> 20.89 


> 20.68 


< 19 


LT 


Feb 23.98 


V 


20.89±0.24 


20.82±0.24 


17±7 


LT 


Feb 23.98 


;■' 


20.17±0.14 


20.26±0.14 


29±6 


LT 


Feb 23.98 




20.32±0.18 


20.63±0.18 


20±6 


LT 


Note. — 


Unfiltered images were 


calibrated to Landolt tf-band using 


field stars from the Landolt 



catalog. One exception to this was the unfiltered ima ge from J. Brimacombe on 2010 February 6.27 UT, 
which was calibrated to standard V-band (see S I2.lt . Raw photometry is reported in the Vega system, 
uncorrected for Galactic or host-galaxy extinction. To put all measurements on a uniform scale, the Vega 
measurements were converted to AB magnitudes using the formula m x ab = n'x.VEGA + Am x , where Am x 
is the offset derived from pysynphot: Amg = -0.115, Amy = 0.000, Am/; = 0.183, Am r r = 0.142 and 
Am,/ = 0.356. These AB magnitude and Janksy values in the table are corrected for galactic reddening 
of E(B-V) = 0.022, while the Vega values are uncorrected. Observations that were originally in AB were 
not converted back to Vega. 



Table 2 

Swift XRT observations of SN2010U 



UT Date 


Exposure (s) 


Counts (ct s 1 ) 


Flux (ergs~') (£7/ = 60 eV) 


Flux (erg s~' )(kT = 5 keV) 


2007 March 26.50 UT 


5624 


<6.67E-03 


< 1.9 X 10~ 13 


< 1.1 X 10~ 12 


2010 March 3.82 UT 


1903 


<9.08E-03 


< 2.6 X 10 13 


< 1.5 X 10~ 12 



Note. — Energy band 0.3 — 10.0 keV. All upper limits are 3o\ 



Table 3 

Swift UVOT photometry of SN2010U 



UT Date (March 2010) Filter A (A) Exposure (s) m (AB) 



3.97 UVM2 2246 465 > 20.63 

3.82 UVW1 2600 594 > 20.88 

3.82 U 3465 141 > 19.82 

3.82 B 4392 141 > 19.15 

3.97 V 5468 60 > 17.88 



Note. — All observations taken 2010 March 3.82 UT. All upper limits 
are 3(7. 
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Table 4 

SN2010U Spectroscopic Observations 



Af a (d) 2010 UT Telescope Instrument A (A) Resolution (A) Exposure (s) Airmass Slit Width (arcsec) 

+1.03 Feb 7.30 HET LRS 4200-10000 15 437 1.23 2 

+5.94 Feb 12.21 NOT ALFOSC 3200-9100 15 3 x900 1.05 1 

+15.30 Feb 21.57 GN GMOS 4700- 8840 8 2 x 1200 1.07 1 



Note. — Maximum light was on 2010 February 6.27. 
a At = t -f max , where r max = 2010 Feb 6.27 UT. 



Table 5 

SN2010U Line Identifications 



Line 


Date 


Wavelength (A) 


EW(A) 


FWHM (A) 


Velocity (km s 1 


Ha A6562.85 


Feb 7.30 


6565.0±1.6 


-74.7±4.8 


54.1±3.4 


2470±155 




Feb 12.21 


6563.2±0.6 


-812.1±23.0 


46.0±1.0 


210()±45 




Feb 21.51 


6564.7±0.0 


-1225.0±3.2 


34.4±0.1 


157()±5 


H/3 A4860.36 


Feb 7.30 


4867. 5± 1.3 


-36.1±2.8 


34.3±2.6 


2115±160 


Feb 12.21 


4ool.O±U. / 


on^ A _1_ 1 A A 
-2yo.4±t4.0 


11 1 A 

3i.z±1.4 


1 (IO clog 

iy2j±oj 




reu 21. jl 


4oo2.2±U. 1 


-ZU1.J±1.3 


OA £4_A 1 


12 / D±J 


try A4J4J.4y 


reu 1 .D\J 


/1 1/1*7 1-L 1 
4J4/. /± l.O 


-ly.oztz.u 


1A 1 -1-1 £ 


2UoU±2jU 


T7„i_ n ti 
reu 12.21 


A 1 /I 1 O _L 1 1 

4J41.o±l.J 


-81.0+.7.1 


28.6±2.6 


iy /j±1 /J 


U X \ A 1 n 1 in 
tio A4 11) 1 . / / 


Feb 12.21 


41l)J.2± 1. / 


-50.2±5.8 


1A 1 1 

30. 1 ±4.3 


Tinn 1 1 1 c. 
22(JU±J1j 


He AJy/U 


Feb 12.21 




/lO 1 4_C 1 

-42.I±J.Z 


22. I±5.1 


1 / 1 j±24U 


u/- \acQO 
rlC, AJooy 


reu 12.21 


iqo 1 1110 

Joy 1. 1± 1.0 


-iy.t±j.v 


1 "7 O-l-A /I 

1 /.S±0.4 


1 nn_i_ •Ki i ; 


rascneiu Ao/MJ.4/ 


Feb 7.30 


5/j3.8±4.d 


-12.6±3.8 


3y.5±22.y 


13MJ± /53 


C T \Q1 1 1 


reu / ju 


Ql 17 A -LA f. 


7S £4_c 7 

-Zo.OIE J. / 


<A 94- 14 1 


1 ^7*; 4-A£ c 1 
ID / 


C I XQ4.0R 

V 1 


Feb 7 30 


Q408 04-3 7 


-14.2±4.3 


75 n+l 7 7 


7Q'-_|_iQn 


C I A9660 


Feb 7.30 


yuuy . J _i_ 1 ± .~t 


-12.0±6.2 


30 7+30 4 


1 200+940 


IN 1/rt 11 A/HJZ 


Feb 7 30 


7414.4±8.1 


8.9±3.0 


JJ.JIjU. 1 


.1 ci <+37<b 




Feb 7 30 


7476 lib 7 1 


-7.5±3.0 




Q7A+7c<r 




Feb 12 21 


lA£i*> 84-7 Q 


-25 4±8 3 


aq 74-74 7 






1 CU Ll.Jl 


7471 Q4-7 7 


_4g 7-J-2 




44004- 740 


IN 1 Aozlz 


reu /.JU 


S 1 AC *74-£ n 


10 1 4-/1 1 

iy. 1 zt+. 1 


/l _|_ 1 Q n 

jy.4_t lo.u 


-1 JoUlt22U 




Feb 7.30 


8248.3±6.0 


-12.2±4.0 


33.9±14.6 


1325±220 r 




Feb 12.21 


8231.0±6.8 


-53.1±10.0 


78.8±24.8 


2875±905 




Feb 21.51 


8215.7±0.6 


-110.8±2.0 


72.8±1.4 


2660±50 


N I A8692/Ca II 


Feb 7.30 


8648.7±9.6 


13.4±4.4 


51.8±26.1 


1785±900 


N I A8692 


Feb 7.30 


8720.2±4.3 


-10.3±3.2 


34.1±23.6 


1175±815 




Feb 12.21 


8707.3±5.4 


-63.0±10.0 


67.5±16.8 


2330±580 


N I 8692/Ca II blend 


Feb 21.51 


8656.6±0.8 


-188.6±2.4 






[0 I] A5577.34 


Feb 21.51 


5577.4±0.4 


-21.2±0.8 


21.8±1.0 


1170±50 


[0 I] A6300.30 


Feb 21.51 


6300.6±0.6 


-31.8±1.1 


35.0±1.3 


1665±60 


[O I] A6363.78 


Feb 21.51 


6367.3±1.2 


-14.9±1.0 


34.4±3.0 


1620±140 


OI AA7773.75 


Feb 7.30 


7744.2±3.2 


7.2±2.3 


19.1±9.1 


-1140±125 b 




Feb 7.30 


7784.3±4.2 


-17.8±3.9 


34.4±11.7 


405±160 r 




Feb 12.21 


7780.8±1.9 


-220.3±16.0 


53.0±3.5 


2045±135 




Feb 21.51 


7778.5±0.2 


-207.6±2.1 


36.5±0.3 


1410±15 


O I AA8446.46 


Feb 7.30 


8410.0±9.8 


5.6±3.2 








Feb 7.30 


8492.9±5.2 


-5.8±3.0 


29.5±25.3 






Feb 12.21 


8449.9±2.1 


-216.9±15.0 


59.7±4.6 


2120±160 




Feb 21.51 


8447.5±0.1 


-668.6±3.2 


43.5±0.2 


1545±5 


O I A9264 


Feb 7.30 


9268.1 ±3.6 


-22.8±5.3 


30.5±9.1 


985±295 


NalD AA5891.94 


Feb 7.30 


5868.7±4.6 


8.0±2.6 


21.0±13.1 


-1180±235 b 




Feb 7.30 


5906.5±6.3 


-4.5±2.2 


23.4±17.4 


740±320 r 


NalD A6160 


Feb 7.30 


6131.1±11.5 


2.4±2.2 


24.1±20.8 


-1405±560 b 




Feb 7.30 


6167.6±4.1 


-7.1±2.4 


21.9±11.6 


370±200 r 


Ca II A8498.02 


Feb 7.30 


8492.9±5.2 


-5.8±3.0 


29.5±25.3 


1040±895 


Ca II A8542.09 


Feb 7.30 


8540.9±6.9 


-6.0±3.3 








Feb 12.21 


8557.0±3.9 


-28.6±7.3 


35.0±17.8 


1230±625 



Note. — Maximum light was on 2010 February 6.27 UT. All wavelengths reported are after de-redshifting 
all spectra using z = 0.00087. Blue and red velocity-shifted P Cygni components are measured from the rest- 
wavelength of the line species. Measured for where a nice fit was obtained, for low signal to line profiles, 
only equivalent width is reported. The central wavelengths of a line blend (AA) is the weighted average of the 
NIST reported line centers. 

a Reported velocities use FWHM for pure emission lines only, and actual ejecta velocity is FWHM/2. For 
P Cygni line profiles, the velocity is demarcated as either the blue shifted or red shifted component from rest 
wavelength. A negative equivalent width corresponds to an emission line. 
b Blue Shifted P Cygni Component. 
r Red Shifted P Cygni Component. 



